Selective up-regulation of P- and R-type Ca2+ channels in rat embryo motoneurons by BDNF.
Cultured spinal cord motoneurons from day 15 rat embryos (E15) represent a useful model to study Ca2+ channel diversities and their regulation by neurotrophins. Besides the previously identified L-, N- and P-type channels, E15 rat motoneurons also express high densities of R-type channels. We have previously shown that the P-type channel is nearly absent in 60% of these cells, while the R-type contributes to approximately 35% of the total current. Here, we show that chronic preincubation of cultured rat motoneurons with high concentrations (20-100 ng/mL) of brain-derived neurotrophic factor (BDNF) caused a selective up-regulation of the P- and R-type current density available after blocking N- and L-type channels, with no changes to cell membrane capacitance. N- and L-type channels were either not affected or slightly down-modulated by the neurotrophin. The onset of BDNF up-regulation of P/R-type currents had a half-time of 12 h and reached maximal values of approximately 80%. High concentrations of nerve growth factor (NGF; 50-100 ng/mL) had no effect on P/R currents, while BDNF action was prevented by the kinase inhibitor K252a and by the protein synthesis inhibitor anisomycin. These results suggest that chronic applications of BDNF selectively up-regulates the Ca2+ channel types which are most likely to be involved in the control of neurotransmitter release in mammalian neuromuscular junctions. The signal transduction mechanism is probably mediated by TrkB receptors and involves the synthesis of newly functionally active P- and R-type channels. Our data furnish a rationale for a number of recent observations in other laboratories, in which prolonged applications of neurotrophins were shown to potentiate the presynaptic response in developing synapses.